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An investigation has been made in the Langley Unitary Plan wind tunnel to
determine the longitudinal and lateral aerodynamic characteristics of a 0.02-
scale model of the X-15 airplane at angles of attack from -5° to 45°. The inves-
tigation was made at Mach numbers of 2.96, 3.96, and 4.65 at Reynolds numbers,

based on the wing mean geometric chord, of 0.55 X 106, 0.60 x 106, and 0.84 x 106,
Results are presented and summarized with only a limited analysis.

respectively.
INTRODUCTION /%

The scheduled flight program of the X-15 research aircraft includes high-
speed flights at approximately constant altitude and also flights along ballistic
trajectories to high altitudes. In order to avoid the high dynamic pressures and
associated high aerodynamic heating rates, it was contemplated that the high-speed
flights and recovery from ballistic trajectories would be made at extremely high
altitudes. The lift coefficients and lift-drag ratios necessary for the lower
altitude maneuvers are obtainable at angles of attack less than 250, and the aero-
dynamic characteristics of the X-15 at angles of attack below 25° are presented
in reference 1. The purpose of the present investigation was to determine the
aerodynamic characteristics of the X-15 at angles of attack beyond 250 with par-
ticular emphasis on the lateral and directional stability derivatives and the
maximum trimmed angles of attack. The range of this investigation was extended
below an angle of attack of 25° in order to provide a comparison with previous
results. The present configuration is identical to that of reference 1 with the
exception of the addition of retracted landing skids on the bottom of the side
fairings between the horizontal stabilizers and the fuselage. The data are pre-
sented with only a limited analysis inasmuch as the data contained in this report

have been used in analyses such as the one presented in reference 2.

*DPitle, Unclassified.
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The longitudinal stability characteristics of the model are referred to the
stability system of axes, and the lateral stability characteristics are referred
to the body system of axes. The systems of axes used and the positive directions
of the forces, moments, and angles are shown in figure 1. The forces and moments
are presented about a point located on the plane of symmetry at 0.20 mean geomet-
ric chord. The symbols used are defined as follows:

b span

¢ mean geometric chord

Ch drag coefficient, Drag/qS

CL 1ift coefficient, Lift/qS

Cn pitching-moment coefficient, Pitching moment /qS¢

Cmo zero-1lift pitching-moment coefficient

Ci1 rolling-moment coefficient, Rolling moment/qSb

Cn yawing-moment coefficient, Yawing moment/qu

Cy side-force coefficient, Side force/qS

Cig effective dihedral parameter, JC;/dB

an directional stability parameter, oOCp/dB

CYB side-force parameter, OCy/OB

M free-stream Mach number

q free-stream dynamic pressure

S wing area

o angle of attack referred to fuselage reference line, deg
B angle of sideslip referred to model plane of symmetry, deg
By deflection of movable portions of vertical stabilizer

2 L)




deflection

s

e e :.‘ :" : :oc sa
i .

§ ° 9@ P . oo °

s 5 o 4 ce " o0
of mAvaBi¥e porikoneot wppex’versicdlisiahflizer, positive

with trailing edge left, deg

deflection
positive

deflection

deflection
positive

deflection

deflection

of movable jettisonable portion of lower vertical stabilizer,
with trailing edge left, deg

of horizontal stabilizers

of left and right horizontal stabilizers, respectively,
with trailing edge down, deg

of speed brakes

of both upper speed brakes, positive with trailing edge out-

board, deg

deflection

of both lower speed brakes, positive with trailing edge out-

board, deg

deflection

of speed brakes on right side of upper and lower vertical

stabilizers, left speed brakes closed, positive with trailing edge
right, deg

Configuration component designations:

W

F

o <

wing
fuselage

horizontal

stabilizers

vertical stabilizers without jettisonable portion

Jettisonable portion of lower vertical stabilizer

APPARATUS AND MODEL

Tunnel

The investigation was conducted in the high Mach number test section of the
Langley Unitary Plan wind tunnel, which is a variable-pressure continuous-flow

tunnel.

The nozzle leading to the test section is of the asymmetric sliding-

block type which permits continuous variation of test-section Mach number from

2.30 to 4

.65.



3060 »
.
»

X2 X2
»

w . o.: . - ‘o .
ee .MO&G'_L se® a® ave

ry

L X ]
[
edee
1 4
L ] L]
eoy
LI XX ]
»
” o
LYY
'I‘

Photographs of the model are presented in figufe'z; Model details and geom- .
etry are presented in table I and figure 3. The model has a wing with a 25.64°
sweepback of the quarter-chord line, an aspect ratio of 2.50°, a taper ratio of
0.20°, a dihedral of 0°, and a modified NACA 66-005 airfoil section. Roll and
pitch control are provided by differential and/or simultaneous deflection of the
all-moving horizontal stabilizers. Directional control is obtained from deflec-
tion of the movable portions of the upper and lower vertical stabilizers. The
horizontal stabilizer has a 45.00° sweepback of the quarter-chord line, an aspect
ratio of 2.8%4, a taper ratio of 0.2061, a dihedral of -15.000°, and a modified
NACA 66-005 airfoil section. The upper portion of the vertical stabilizer shown
in figure 3(b) has a sweepback of 23.413° at the quarter-chord line, an aspect
ratio of 0.5158, a taper ratio of 0.74l, and a 10° wedge airfoil section. The
lower portion of the vertical stabilizer, shown in figure B(b), has a sweepback
of 23.413° at the quarter-chord line, an aspect ratio of 0.429, a taper ratio of
0.788, and a 10° wedge airfoil section.

The speed brakes are formed by wedges which simulate hinged panels of the
surface of the upper and lower vertical stabilizers. The speed brakes extend
vertically over the complete width of the fixed portions of the vertical stabi-
lizers and cover approximately one-third of the horizontal length forward from
the trailing edges. Wedges simulating the speed brakes open 25° and 350 were
used.

Forces and moments were measured by an internal, six-component, strain-gage
balance. This balance was supported by a sting attached to a special angle-of- v
attack sector which provided an angle-of-attack range of -5° to 50°. This sector
was supported by the main support system which allowed sideslip concurrently with
variable angle of attack.

TESTS

Tests were made through an angle-of-attack range from approximately -5° to
459 at angles of sideslip of -5° and 0°. Sideslip tests were made at angles of
attack of about 21° to 38° through a sideslip range from approximately -10° to L4°.

Reynolds numbers, based on the mean geometric chord of the wing, were

0.55 x 10, 0.60 x 106, and 0.8% x 106 at the test Mach numbers of 2.96, 3.96,
and 4.65, respectively. The dewpoint temperature, measured at stagnation pres-
sure, was maintained below -30° F in order to assure negligible condensation
effects.

CORRECTIONS AND ACCURACY

Angles of attack and sideslip have been corrected for the deflection of the
model support system caused by aerodynamic forces and moments. Angle of attack

b ]
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has also been corrected for the flow angularlty ‘which eXift% fh the vertical
plane of the test section. This flow angularity was determined by testing the
model both upright and inverted.
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Balance chamber pressure and base pressure were measured and the drag data
were corrected to correspond to a chamber and base pressure equal to free-stream
static pressure.

The maximum deviation of local Mach number from the value presented is about
+0.015.

Based on pretest calibration, balance accuracies, and repeatability, the
force and moment coefficients and angles are estimated to be within the following
limits:

CI, = ¢ & & o o e o o s e e e e e e e e e e e e e e e e e e e e e e e e e +0.03%
+
Cb e < O 0 ¢
O < M 02
Bl « v ottt e e e e e e e e e e e e e e e e e e e e e e ... ®0.001
Cp v+ o + « o o o o v e e e e e e e e e e e e e e e e e e e e e e e ... 10,003
0 G S N1}
R 1= S < ¢ s L0
B, AEE « « o« « + 4+ s 4 e e e e e e e e e e e e e e e e e e .. .. .. . *0.10

PRESENTATION OF RESULTS

The results of the investigation are presented in the following figures:

Figure

Schlieren photographs . e e e e e e e e e e e e e e e e e e e e L
Longitudinal aerodynamic characterlstlcs.

Effect of various model components . . « « o o ¢ o ¢ o o o o o o . 5

Effect of pitch-control deflection . . « « « = ¢« « & « v « « « « « . 61010

Effect of various configurations . . . « ¢ ¢« & ¢ o ¢ & ¢ o o & o . . 11

Effect of speed-brake deflection . « « « « « « o « o o « o « o « « « 12 t0 16

Effect of directional-control deflection . . « « « . « + « + « + . 17,18

Effect of lateral-control deflection . . . « « ¢« « ¢ & « & o o o o & 19
Summary of the maximum trimmed conditions and the zero-1lift pitching-

moment coefficients for various configurations . . . . . « . . . . . 20
Lateral aerodynamic characteristics:

Effect of pitch-control deflection . « « « « ¢« ¢« o v ¢ o o ¢« « « « . 21 0 25

Effect of various configurations . . . . . « . . e e e e e e 26,27

Effect of angle of attack and roll—control deflectlon c a e e s e 28

Effect of angle of attack and directional control . . . . . . . . . . 29
Summary of the lateral and directional stability characteristics for

the various configurations . « « « « « ate o o o« « o« + « o« « + « « 30 to 3k
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Longitudinal Characteristics

All the configurations tested indicated static longitudinal stability for
trimmed conditions over the entire Mach number range. However, most of the pitch
data at Mach numbers of 3.96 and 4.65 exhibit marked nonlinearities at low angles
of attack. (For example, see fig. 6(b).) This effect, as noted in reference 3,
is probably the result of wing-wake impingement on the horizontal stabilizers.
The basic configuration can be trimmed to a maximum angle of attack of about 550
with a pitch-control deflection of -450, (See fig. 20.) Speed-brake deflection
causes a negative trim change and a reduction in the maximum attainable opipe

(See fig. 15(c), for example.) Use of the horizontal tail for lateral control
also causes a longitudinal trim change (fig. 19), since only one surface was
deflected from the 35° pitch-control position with which the roll-control con-
figuration is compared.

Lateral and Directional Characteristics

Positive roll-control effectiveness is exhibited at all Mach numbers
throughout the angle-of-attack range with the exception that at o = OO, the
wing-wake impingement on the horizontal tail reduces roll-control effective-
ness to zero at the two higher test Mach numbers. (See fig. 28.) Favorable
yawing moment due to roll control is exhibited at all Mach numbers and angles
of attack. (See fig. 28.) Positive directional control is available through-
out the angle-of-attack and Mach number ranges either from deflection of both
the upper and lower vertical tails or from asymmetric deflection of the speed
brakes (fig. 29).

The date presented in figures 30 to 34 were calculated from tests made at
B=0° and B = -5°. The configurations with the jettisonable portion of the
lower vertical tail removed indicate a generally progressive decrease in CnB

with increasing angle of attack (fig. %2). With the addition of the lower por-
tion of the vertical tail, the directional stability is significantly increased,
particularly at the higher angles of attack. However, the addition of the lower
vertical tall also provides & large increment in CzB which generally changes

the effective dihedral from positive to negative. Deflection of the speed brakes
increases the effectiveness of the vertical tail and results in a substantial
increase in CnB except at the higher angles of attack (fig. 30).

Langley Research Center,
National Aeronautics and Space Administration,
Langley Station, Hampton, Va., March 19, 1963.
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Wing:
Area, total, sq in. . . . . . . . ...
Area, exposed, sq imn. . . . . . . . .
Span, in. . e o e e e e e e e e e o e

Aspect ratio . . . e . e e e
Root chord, i‘uselage center lme, in. . .
Root chord, exposed, in. C e e e e e
Tip chord, in. . e e s e e e

Mean geometric chord, 10 e e e e e e
Sweepback angles, deg:

Leading €dge - « o + + o ¢ + s o v o4 .

25-percent-chord line . . . . . . . . . .

Trailing edg@e « « ¢« o+ ¢ o « o o o o+ = .
Taper ratic . . + « « « « « « v o 0 o .
Dihedral angle, deg . « + « « « + o + « « .
Incidence angle, deg . . . . . . . . . + « .
Airfoil section, parallel to fuselage center
Leading-edge radius, in.:

Tip . « « « « . e e e e e e e

Fuselage-line chord e e e e e e e e

Horizontal tail:
Area, exposed, sqQ in. . . . . . . .0 0.
Semispan (panel svan), in. G e e e e e
Aspect ratio of exposed area . . . . . . . .
Taper ratio of exposed area . . . . . . «
Root chord, exposed, in. T T
Tip chord, in. . . . . .
Mean geometric chord of exposed area, in. .
Sweepback angles, deg:
Leading edge . . . s e e e e e e .
25-percent-chord line C e e e e e e e
Trailing edge . « « « + « « « < « o 4 .
Dihedral, deg . « « « + « « ¢ « & « o & . -

Airfoil section, parallel to fuselage center

Leading-edge radius, in.:
T™ip . « . . e e e e e e e e
Fuselage-line chord c e e e e e e e e e

Upper vertical tall:

Ares, exposed, sq in. . . . . . . . ..
Span, in. . . .+ . . e e e e e e e
Aspect ratio of exposed area . . .+ . . o4 .o«
Taper ratio of exposed area . . . . . + + .
Root chord, fuselage surface line, in. .
Tip chord, in. . . .
Mean geometric chord of exposed area, 1n
Sweepback angles, deg:

Leading edge . . . . o v e e e s e e

25-percent-chord line e e e e e e e e

Trailing edge . . e e e e e e e e
Airfoll section, parallel to fuselage center
Leading-edge radius, in. e e e e e e
Control surface:

Area, sq in. e e e e e e e e e e

Root chord, in. .« . . . . .« . ¢ ¢« & o .

Mean geometric chord, in. . . . . . . .

Lovwer vertical tail:
Area, exposed, sq in. . . . . . . .. . ..
Span, exposed, in.:
Maximum . . . . o . 0 0 00 o e e e e e
Minimum . ¢ &« « ¢ ¢« o o0 0000 ..
Average . . . . . . e e e e e
Aspect ratio of exposed area . . . . . . .
Taper ratio of exposed area . . . . « . . .
Root chord, in. . . . . .+ . 0 0 o o0 ..
Tip chord, in. e e e e “ e
Mean geometric chord of exposed area, in. .
Sweepback angles, deg:
Leading edge . . . . . « + . ¢+ o . 0.
25-percent-chord ine . . . . . . . o . .
Tralling edge . . .

Alrfoil section, pa_rallel Lo fuselage center
Leading-edge radius, in. e e e e e
Control surface:

Area, sq in.

Root chord, in. . . . e e
Mean geomelric chord, in. e e e e e

Fuselage:
Length, in. . . . . . . . . PR
Maximum diameter, in. . . . .

Maximum width including side f‘airings in.

Fineness ratio, ratio of length to body diameter . .

Base diameter, in. e
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(b) Verticel- and horizontal-stabilizer deflections.

Figure 1.- Concluded.
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(d) Rear view showing wedges used to simulate speed-brake deflections.

Figure 2.- Concluded.
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(b) Details of vertical stabilizers and speed brakes.

Figure %.- Concluded.
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a = 36°

(a) M = 2.96.

Figure 4.- Schlieren photographs of complete model.
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M= 3.96.

(b)

Figure U4.- Continued.
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Figure 4.- Concluded.
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(a) M =2.96. 4

Figure 6.- Effect of pitch-control deflections on aerodynamic characteristics in pitch. 8
Byy = dvy = 0°; speed brakes retracted.
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